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(57) Abstract: Provided is an exposure apparatus for exposing a substrate by irradiating exposure light on the substrate through a 
projection optical system and liquid, where the exposure apparatus has a detection device for detecting whether or not the liquid is 
present on an object placed below the forward end of the projection optical system. Also provided is a detection device having an 
emission section for emitting detection light to a liquid immersion region formed between a projection optical system and an object 
placed on the image surface side of the system and having a light reception section placed at a predetermined position relative to the 
detection light, and obtaining at least either the size or shape of the liquid immersion region based on the result of light reception by 
the light reception section. The detection devices detect whether or not liquid is present on an object placed below the forward end of 
the projection optical system or detect the shape of liquid and a contact angle, and based on the result detected, optimum treatment 
is performed to maintain high exposure accuracy and measurement accuracy. 
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i3A, izB(D^ti^n%mtm.w<vmfcWi£n>i KD^n^thizmm-rzx?^ 

Xh^\ *fc, (UJjXt : 23A, 23B«, 1o^|$:Ie1HX^21{z:^$^-CV>§^ > HJ 

&^<vmmfci,tcmfcm^2i&m%c(z.zxn2-D)m-t, HH&W23A, 23bcd 

[0052] &m%^P\.<D^m*2<DmWm®m2A, &tm^j&mt70£>T® 

2&t^^j$m^o«^^ 

^MK^xyt^m^R^mmmumo^m^mmm^mm^tf^xi^ 
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-/^mt4^^#v ^^-mm^mmxmm^m-r^tx. z.(D%^m^2^ 
ss!tts#yaass*u\ fesv^i, MgF , ai o % sio fc£©ft#tt*m&it&iEift 

2 2 3 2 

[0053] ^S§f^^70(7)Tffi(StgPfi'J^lP]<ffi)70Afi^(^a®T?fc , 9> 3t^*^2 
ttM*f±, _hifr::RRfc;iXi\ mtf*a«rfF^0B»2OO4/O2O782-§^#t!lHI^§ 

[0054] fe&mmQOl^ Sj^3t^*PLW3fe«^»it»t)T*^^:E«$tt^6^RP_bijb5V^«: 

S^X— ^PST±^frLQ*S^5d^d^tfeWi-Sfc<Z>^fcoT^ffi3tLa^ 
S*ffi"f5ltffi*B61i:, ^ffi^La(C^-LTm^*(-iae^tlfe^^62i:S:{ix. 

^,^^^62«^^^A3(D5^^)fe^mPL(D^^ARl^A/-e*rt±i^ 

Late, ^^^»PL<Z>3fe^lcaa!ftfen^3t^*^2©T^Sra3a-t-5„ 
[0055] 02fiS^P^^LT^lb^^S^X-^PST^Ji^^Efc¥®ia^fc 

•So 

HI2{C1*dV^, TOMff^(DS^7 i ^-v ; PSTOSV^^Stt^20(D^§|3^^ 
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[0056] $iliimW:60<Doib, tfttfJ3tLaS:*tmi-5AttblBJ61tt, aittc*? 1 — ^PSTt£*frL 

[0057] £^^-^PSTO{5^cF^:^{-[ia^l^^^tLT*5t), rODfl^l^SlSP^ 
TVv5o ^PcDj^H{C^P*ffi^}S^®-cO±®43^ttfc^»T% SgPcD^.y 
[0058] ^^^C^Tte, ^ffiftLate, ^§etft^PL(D%^<D^mi L 2COT 

Wl^t— itpsT)t(Dffl$:mm-tz>£o\z.nfe£tix^^ 0 mmm^aamytyt 

,S^P^®^U ? S^7^-^PSTO±®43i:«CT : ?T^BS|t$tl5o 

[0059] lute, mm^-ispsT(D±m43it.mmk&m£tixmwiVk&^x\,^ 0 ±m 

^,mm^-^psT^w-y.n~^m^^vmy^it^u>(^a>(^m 
i%m) ) m<nz7vm^mm*fecfrt^&Mm&*^mwxmf&isXh £v \ %tc 

vpsT<D±mK&m*jm\z.mw-rz>£?^vxh&\ ^mmmm^^^xi^ ± 
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[0060] &*5 N ^*/^^PH^c^$i^TV^-5S^P^'(R|JSPBi7 0 u-h^$^43Pchcora 

[0061] &f«fc*&R12A, 12Btt,X«|^I^(jtaE^lPl)^BBU S*3t^*PLOfi*« 
^ARl^A/fcfMiJ^^r^tLrait^HTV^o JMTOai, inflate q 1 2A 
te. «i^tW70©TB70A<^5^ ^^ARK^^L-C^^^[^-^IiJ(- 
Xffifl) tde&tfibtK P 1 2Bfim^IiJ ( +XfiiJ) (ciStt^tLTV ^ 0 o^O^ft: 

#t|$P12A, 12Bteft&mi&ARl<Di5:<lzmrttb^ ^^ft (XlUdjfo) (CMU 
TS^H^ARl^tf^^^^M^J^^^^n-CV^o ^#«£P12A, 12BCD 

^tvetu^ « zfz>¥mmm=* ^ ( r wo <d*v tr^^tit 

l^> 0 ^Lt> fl£ft:f«P12A, l2B(DYm^mz&tfZ&£l±^fj;<ti>19L&mm 
ARlOTfft^fS](Ciolt5S$J; l 9ft<^oTV^o $H*«SR12A, 12Bf£ v 

a, 1 2B&^LT&f£H^ARi (o mmx>mm,Q*m mKm^mx-frz* 

[0062] Mftrlam R 22A, 22Bfi. m&Wi£mmiOCDWLfcW& Q 12A. 12B£i9t§:fi£;£ 
^^PLO^IMJgcARKC^-UT^IiJ^^^tLT^D, X#^|^] (t^^T ft) tcW 
U S^^^^PL0^M^ARl^^fci^illjO^^tb(^^fetLTV^5 0 * 
fWto^ WtfcmifrQ22Afe s ^SS?f^^70OT®70A(D9fe^ t£fjfj|$cARl 
(C^J-LT^^ft-^IiJ (-X1HJ) \Z.nrth^ WtW^WBL R 22Bfifto{|iJ (+X1JUJ) \ZL 
m-fbthX\,^Z> 0 mitm®. R 22A, 22B(D^:fi^thit s Y$&Jj&)lZ]g:UZ>¥-ffiW,m 

^PLO&jP^i&ARl, &1>«£#M&P12A, 12B«rffitfJ;5K:Ktte>;h/TVV5„ 
[0063] ^LT, «#LQ3&S»fc$tb^iSHHIgEAR2tt, S*«fcARl«r&tf 

^J{C2o<??^#:|ElitXP22A, 22B^1S£;ft,fd^ftTfooTJ.og4£P±(D— 
^Bff^^^^So ft*3, ^§lS^AR2{^>/ c e<^^^ARl^oTV^ 
ftteUC i &TLt2o<D$H£[H]iDlR22A, 22B"eiSmfcM^#:^g^^ 
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it>I<b[H]^P22(D^i;^hts^«IIIC-C$>oT'bJ:v^U HJ»lRR22<axyyMg£\ #t<& 
[0065] S^X— ^PSTJh(cl*5V vC, S*RPO^Mffil©0Ff^fi[S^tt, 1?W30 

2pSP*t300<75_hS301Att»5^5pJHffi^7fcoTi3«9, StfcP^ffi. ^t^S^^- 
^PSTO±ffi43if5^IHCi«$(®-) fcKtt&JvCVSo aaST^-Y^hSRttSfc 

Lt^^LT^fe^—^PSTiOS^— ^MFM^mi--5o 
[0066] S^^-v ? PST±^)5*>, S«P(D^#J^Bf^fig^fi, f+S'Jffi-fe^^ 

UT^I^^§gBS57-117238^#^M^$tl/TV>SJ;9^^SA7ir>'^400 

±4E40l<z>±ffi40lAI4Kfi5pa®i:/j:oT*3t), SSPSi, SU«S^f-^P 
STO_bffi43^{5(^|Wl«$(®— ) CTtt^tLTV^o ±^401(7)±ffi401A^fi, 
3fe£iIi®WiiE&fcV7ft— ^§P470^ft^>HTV^o ±®401A£>?^ 

[0067] £fc, s^^-^pst±(D9*>, stRp©^Miy©m^«^tt, f+a'jffl-fe^f-^ 
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5„ ±tR501<0_b®501A{it5^spffi.ffit*oT*5!9 % XlgP^ffi^ St^StR^x— 
> J PSTO_h®43i:^PCii5$(B— JKlKttfcjh/CV^o ±tR501<Z5±ffi501Am 
tt, 7 , ^;$riiii'STtg^^y^^^570^|S:^j-^tl,-CV^6o ±®501A(D5^, *!JyMfB57 

[0068] ^0*"C?tt*>-5^, Ste^—^PSTJi^tt, ffilx.ff 4*IM¥l 1-16816# 

ft^^^itg^iBliStRP^S^S^T 1 — v ? PSTO±®43i:«iJI^Cia5$( 

[0069] C£>£5^ W&LTsr— v J PST(D_b®43{i, 1$^300, -fe>if400. 500£rgT 

v ? PST(D_h®43^t5^I^C^$ (ffi— ) T?*>9, i£fij&45<£> jLS&tfSttffik 
«»H4«:^rLTl ^. rn(Cj;9^m^^AR2^^bf^^-COX^7 i --v ? PS 
T©^»ttgBSr^:#<i-5rt36S"e#5»**>?)"e^<, S2p^W300-^-fe^400, 50 

o±, &&\,vz&mm45<D±m^&Mffiizmm*ttmvtiki,x-b, *<ottmut 

[0070] ^lt. mmnu3oo, Rxf±m4oi^ 5oitetizmmx ; r--i/psTiz.fti,xmM 
^mim&tstixte*), ^(D±m(Dmmm^itvt'm^ti^^-r^t^x 

[0071] m3n^mm60^mi^LQ^m^x^^^m(D-m^irmmmx^ o 03 

[0072] Mm&6lb%:yt&62bnttfaLX3$<9. ltttl^61^ttttS$^^ttl^LafiS 
v^So #J;UOT3^-r£5^ S+^P-bfe^VMiS^^-v^PSTi^ 
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3ftft)^ffiTi-5, *)«v^tttftffl*La^3l3t^flS62fci^laL3fc<)teSo 

B60tt, gft«P62<7>S3t*SJII:(£3fe*) Kl£<5V^\ &ffi3teLa<7>ftg&_bl::i£fls:L 

[0073] ^m^»60<Z)^ffi^Lai£^^-^PST<b^ti^^(C#IJ]b^^^ s & 

[0074] 3£t£, ^PiXttStR^T 1 — ^PST±^?S#:LQ*Sgafi$n-CV >5 (£>5V 

m^Qi>mm\^x\,^)vtmi£m^x^ttiftLakmmx : r— ^psTt^nnmz 

X-^PST^ifi^-^Loo, StR^T 1 — v>PSTSr^Sdb?fciS^m3feLaS:fla 

fcLQ<D$Lm&&&Z>^b&X%Z> 0 
[0075] B3fcl*3VvCr±, ftffi§l56lS.tJ«S3tSlJ62^n^tt^ % Xfft^lRj^KU 

&&^^PST£^A,fcMiKI<D^ft^^ 

La^WffiLoo, ^PST^Yft&^rpK^iti-rSw^T?, ^RPXtt&lg 

^X-^PSTJi^^(t6^#:LQOT#^|^^M^Sfi«^WrS«^fc^# 

/vtmm<D*:ti^tnzh®mu ^£t™6ii«9^ffi&a£tttBLoo N mm* 
y-~^sT^yM^\^m-t^bx\ mmpxnmm^T— -^pstji^h-^ 
imLQ<Dxi®jjmm^z&wbmmhtkmirZ)^bfrx%z> 0 
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[0076] 03^*3^-0*, wtmmn6o<DMmn6ik&ytU62btettfai.xffiW£ti 

^La<©3tK*JT9fttf5W«3ft»ffflJi:L-C03t^«R«-63 % 64£f£f-j-Ob<fcV\, -pi" 

[0077] &*3 % JltWlf|561d^ai$tt^W3tLa^7T^^«>A^t-Att$*x ^ 

62^3t7T^^^b,^(D^7W^^^L^a^La^3t^62-e^^-rS 
«fc5teb"Ot>J:v\, 

[0078] £fc, ±JfiLfe#ri£Kl*5V^-rtt, ^{±i^«60O^m5tLa^MLTS^P^t/S^ 
i?PSTS:^»Wi:iSfetftttJi-Sr.i:-e, £t£P_hXraSt£*x— S?PST_Lfc 

[0079] H5tC*5V^T, tfc'W3£1B60l*, S^X— ^PSTO + Yffi!|lCiBff^tL. Xtti^ft 
tcM /utim^m m 3fcLaSrtt ttli-5!B 1 St ttJSP6 lXi , Stg^x— ^PSTO-Y-M 
KEHStU »llt'W»61XJ&^3tffi$^»ffl3b-a^#UTM3£<fc11^Eil$tL 
fcJglSftgl$62X^ S^^-v'PST^-XWJ^iBm^iX, Y|6^[^(cMAy^m^ 
<&ifcffl&a£Jttffl1-5gS2J|tffigB6lY£, ^K^-^PSTOH-XWfcBEfi&Ji'K 
^2ttm^61Y^^Mffi^ttfc^ffi^LambTm^®^@BS^ttfc^2^^: 
gB62Y£=HI;LTl^„ miS^§P62Xtt, »lJ»ffl*f|$61XJ;«9*ttti$tt5«»Wtft 
m3tLa^mb7J:SIJfc<7)S3te'*^«r^bT*3«9, PHUM, f§2^5fc£&62Yte, &2 

ltm^6lYJ:^ltm$n5^o^m^ba(^J^;br > cmic^S7 l 6^ : f-^WbTv^ 

So 

[0080] mittm^61Xi>9ttj±S$tLfc^{±J3tba, S:tJ«m2ltm^61Yj:«9ltm^tLfc^m 
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[0081] z.z.xm5^-rxo{^ mwmmixfi>bttm£tiK.m&<DmmftLa<D?ib!& 

gyt&mzmmmmcoNTizmtfZtiZo mmmncom^ mi, $&2&ytm6 
^^^m^mwrnm^mmw^t^^^^M^x^t^^ wfo&mco 
[0082] $.tzmG\z.7F-r£o\^ am^S6o«, ittti$B6i*^«S[<fce^tL^tL^ffi 

o*«9 x ^ffcQj^KtR^"? 1 — ^PST±(Xtt3&EPJi)©9f^fB«tJ: 

{igO^tl^H^^U-C^m^La^^tti-So H6fc^-t-^T?tt % ltailfP61«Y 

[0083] g^^62«mjf5^mcD^ffi^La(3:^Lfc^cD^:3 1 6*^-^L-rv^^ 0 

^ftSMfcc^WftLatf)?^ — !H5^i±i3tLal^^LQ^M$tL5^, ^CD^ 
l±i3feLalCT^6^^^62(D^^^^}C{^ffi^;Lal^^|jjt^v^ x fe5v^(i 
£3fe*^£3fc&h*3te;fc6^T-r3o 3»«30-aj©tftffi3tLa2tt«flcLQ 

[0084] **506m^^U:*5V^«:, ^fcti^S60(«#:LQ(c:*J-bTX|*^-fB]J:D^!±l 
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IrZZbfc&V. mfcLQ(DXmXfa^&rtZ*%&%*frZ>ZttfX^Z> 0 tits XY^ 

®rt ^*D^xx$i (y#) ufo ^Mvxim^^h^m^a^mM-r^thhh 
^-simxh^o ^lt, mfoLQ\zttLxmmxm^femftLa*Mtttvtz.t%<D 
^fr?th(D^%&^m%%m-rz>^bx\ wntimweo (£>5t ^fi^iitcoN 

[0085] ^^|U6^#aeLTm^Lfc^-Cf*. ^tti^eiM^cD^fflTtLa^-^LT^It 
ST<Dmk(DiiLm^fc\ltdg%me>2X(DW&(D^^ 

[oo86] ' m6ttmmisxmwisfcMxte, Mmmmmm^tmia^a^mML- 

^bl)>X%% 0 

[0087] ±^L^t«^^^-r5M^:^SEXMV^T-7^^M(D/^— y ^ S ^ P 

^)t-r§^(cov^T, muzTjk-f-yu-^— hm^m^£^m^-f-^ 0 

5SiP^»r-^PST|:iA(D-K)^(^r^Sl) 0 
fi^P^S^X— v^PST^n— K-t^i:^, $iJ#P^»CONT{i, S^g^-v^P 

sT^^^^^PL^c^bTllt^fc^4s^^^$t^Tv^5^-K{^©^^»]-r5o 

S^SPttn— Klif tfe^T^i/TO»^I (n- ^3£g) ^190— K£*V5 0 
[0088] a^P^g^T-^-^psT^n— K^tbfc^, SfJtPi^l-^T^^h^SS.^ 
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!9S2plfP^300±OS^-^MFM5r^ffi-r5o 

[0089] s?v-^MFM©^te^H7tfcf, mmmmcoNTi^ mftmto.mm2o*> 

[0090] ^P^^fLT«^^ii:®^;^-rs^(c«, ^!)xif«fePJi©S^:^^l? 

^oi^os^^-^psT^i^^ife^-^^^i^^^T^-r^^h^ 
[0091] ^ w-jn^atJiasv^Tti, frj^ecoNTte, mz.t£&&yt¥mPLmm^ 

20Sr^oT, MfrLQO#t^tJ«[Hll|K^fTV\ &I£3te^PL0>3fc^<Z>3te^*^ 
2^±^401O±.ffi401A±^(^^«^LQcDM^AR2^^-rs o ^LT. 
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[0092] mftytEL<Dmmftm<D&m-t)mTi,ti^ mmmmcoNrn, mwmmmz 

0, &5M*ft#|s|i|5&WM*20M»J^ m 
[0093] Utfc, $iJ^)^«CONTO, fi:»3te^PL^2graffetfSiJ-fe^500W±tR501^ 

)t^^IL«t«9«3fe3tELSrlttbL, S^^^PLi^LQi^LT, ^Mtfi 

[0094] ^mtw^TUt^ ^jiitcoNm, mftm&mM2o&s>^ttmftm 

[0095] P^UKi, $iJ#p^BC0NT«, m&^&PLk±m^1tMBt'*>^ (^m^) t(D 

mmi$LQ(DmmmAR2*mf&L-tcwn-T:\ m^^PL^ffiw^tts 

[0096] <!rr5T\ ±IES2p^*t300^M^A7-ir^i^400, &5V^£|igtetNB|iz>'1J-50 
ot, ±1S±®301A, 401A, 501Afc#£r£trSlK;*x— v^PST±^^^LQ^ 
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[0097] mz.lt, S2PS1SW300^±®301A±^>^LQ^[hIJ|XL^# % fjUj^fiCONT 
mW-tZo AftftCtt, SJWFB«"300Ji^»EflcLQds^r«i:J|!Ultif$tLfcfc#, fMft3£ 

. . »frlHliR^20fcJ;SttfrlHji|Rl(if^:S^fcij3g-t- o fca^ti, ftJ^g|®CONTO s 

%:<xh&\ 

[0098] *fc, S2p^W300<D_hffi301A±^^#:LQO^^^AR2^^bfct^, ^ 

iifCONTO, tftaS6«60SH!feoT, S^«"300_h{C*Px.T. KtJ^X—^P 
STcO±®43/ e e^^^ft:LQ^^-§^^ i ^ t ti-^^ o ^LT, S^^— v^PSTO 
±®43^^LQ^^^ij^tL/-c«!rt, fjjiJ^ttCONTO, M^IIMIS 202: 

[0099] i^uu;?^ ^ffi^«60fi, mm^-^psT(mm^U3oo) ±.\z.m 
&mm.Q<D{iLwmm$:$:frz^t&xzz> 0 vtc^x, mmmucoNTn, mm 

^^[H]iixatt2ocD^^[piiiR p 22t%&w&fr&Ltc^mxmw\E]i&mittm 
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[0100] *fc, ±i&Ut«fc5K:, &i±i=g«60te, £t£^~^PST(Kipgfl*t300) JzfCfcS 

fc®i&mm20<D\°}$Lt) (»5l*)£#J»Lfct>, &5V^lHii|jii$|BJ(!ft5|l^M)Sr«!l 
^BCONTfi, ift#:®iR«lfl|20(Z)lHli|X^4r±#r-$"^/t«9, fe5v^4HHRNFraSrS< 

[0101] «WJ61l60©tftttJJ|$*^S<5V^ % £flHf&W300±(£«;*^— ^PSTJr 

LQ©iaiK»f^*tffc>JteV'»J;5»J:i-Swfc 1 t>BrtB"e«>5o 

[0102] S^TO300OJt®301A_b{'M^LQ(73Mm^AR2^^b^^M-t? 

«\ ±®301A±^^^LQ(D^M^AR2^J^b^^-T?Off-||iJIJ]{t c l 3 ^, & 
0 dtUiLj:^ Sf^^^^PL(D^:^^-2^MW300O_b®301A^^^^M 
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[0103] Sfc, &^tt300<D±m301A±\zmf&£ftZmftLQ(DmUfei&AR2<Dtt-m 
"Obi^U ✓VWT'lSA, 15B^oT^Wl3A N 13BO^&&MC5J;5^LTk 

[0104] &,±(ox^ ^mmmeo<D^mmm^m^^x, mitm&mmio^mftmto. 

[0105] 3fc*5 x ^ffi£lfi60}Cj;5^£ijRjfm. X^W300£ftof-f+pJ^S^^ft 

So 

[0106] SPW300^_L®301A±}^^LQO^S^^c^^LTff 
»l8Ml*rfTV\ *^HURSrfTofc«, tftttJfi«60SHftoTStflEJbffi30lASr^tp 

>-i^400(^J:^401©±®401AJi(C^LQO^g^^^LTff-aiJ^SL, 
^±ffi401A±(«#LQ£|R|J&Ufc^^\ ^BB«tfS0-fe>^fia5O0O±*g501 
CO±S501A±t^LQ^Mg^l^^bTfi-»SU, -£<&Jbffi501AJba 
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[0107] ±fc77j*>vfam*&m&m&i&TUz&. mfcp<D7£&myt&m&ft5tc$> 

l!IiR«#20*PS&bT*SP_h©ttm-QS:^f3£*lHliRr-5o ^tblJi«t<9, 

T^-T^^h^S5:t^ffS'J^a(^xy7 0 S2) ©»T«Kl*frLQSrlHllR*-r 
\z.WtrVXh&<\ 

[0108] $iJ^l^mcONT«. mft&&MffilOfc£ZmmP±lZtt^ZmfcLQ(DW&k$L 
trbT, ^lHlJ|xm*20^j;5^P-bO^#:LQ(D[HliiX^ ; ffV ^oo x «tP£3t 

>^^myt^PLtm^pt(Dm(Dm^LQRxf^it^PL^vxmw 

[0109] ^?^^AR2^^6fcfe(cM^^«10^^^#t^g|3ii^^^^tL 

#^lt}5fES§^bT^#t^pi2A, 12B£V)&mP ±Km£tSthZ> 0 i«P12 
A s 12B^>^^«P_h^*&$tL^flcLQ», &!»^PL<D^I$0fe^iif^ 

2)<DT$%mkmmpk<DmzMtim^£?im&£*L, nmmmARi^^m 
p±.(D-m^ mmp£yh'i-£<R^&&mmARi£yh*z\<^mmmmAR2zm 



WO 2005/076321 



30 



PCT/JP2005/001225 



[0110] #ll«^lC:fctt3K^BEX{^ ^^M<t£lSPi:^X|ib^'[6] (jfegt^lRl) 

vx^m-r^cD^mmL-x, &mp^mmmARuznvx+x^m cm-x^ 
iz^xifctD^ayhmmft^rMs&mz&mu ^r, ^^-t^k-^^ 

[0111] ^^HW^C^T, ^^ARlO^S^-I^M^^S^PtC^J-UT^ 

BZ&^xmz^mhtcvcDWi&msmzwmu stp±©io©v'35'hiJg© 

i-t, mmmwcoNTte, fe^faim^xi&Bm^ARi(D^mfrbw&-tz>m±L 
m*-t£. mmp^+x^m^wj^^m^m-r^m^, $ij^^ecoNT^. & 

J^JgcARl t^LT-X#J (-ftefrhmfcmffi O 1 2A) ^^(^^^fl:^ s +Xffi!j (i~ 

^mfti&m-r&mG-, &Bm^ARi\cttL-x+xim^(Dm&m$:, -xim>h<v 
mfcmM^<-rz>o ^<D£ y ^ ^ij^ecoNTO, &mp<D^m^^jt^x, m 

foW&Q 12A, 12B^^(D^^tLt7)^4B#^fefc«9^ft:#t^l:^^ 0 
[0112] ^LT, SWO^tSt^SEM^ ^ffi^a60^:fc5^ffilM1^&3mLT 
fT?r^T^S 0 S^P±i-^^LQ«g^^AR2^ML7t^fl|-e^ 
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[0113] *7c, S«P±^^$tl^^f^Q^^«AR20^^tfettJ3feLaSrRg|tb 
g60te N Jt©S9cflcLQO»ffi«r*ftW-rSr.fc}8S-c^. M^gCONTO. &|iJi£ 

flcLQO^^ftJhi-Stttt, TO^^ll^«^itUTtJ:V^L, 

5A, 15B£teoTtfc*&Wl3A % 13BO?5ft^KCS«t5^bT^«J:V\ fc5V^* % f|IJ 

[0114] **3 % tfta§s«6oi3uts«imttf^r±, s*KP©*sa»3tHfr. fesv>iis«pjLtc 
mmp±<DT74*>h^-?(Dfem*ftozkhx%%uwiMmwmz£^x&& 

^^^PLtS«Pt^ra^#:LQ©^a^AR2^^$f^^$ttfcd^^ 

[oils] £«p©jfcit«3tea*JI*TUfcSK m^bconto, $fc#:ii]iR8M*i2o, fcsvs* 
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^#2o,fc5VM»ffcin]iK^^ 

[0116] StEP^BSr-g-trS^x— 2^PST±0^frLQSr|Hll|XUyt^^ ?M^ffiCONT 

P±X«S^x-i^PST±}^5^#:LQ^In]i(xi-5t&f^%SW5o $U 
MgCONTO, ^m^»60^oT, StEPiXtt^K^T 1 — ^PST_btC?Rfr 
LQ^fSd^^S^tiltSo ^rbT, 0J«fiCONTO. tfetHSS60K:,fco 

6o ^©i^, *miK«60*sttm-QSr«lttJUc</j;««, W»SilcONTtttt'* 

^P±^S^^-v ? PST±{C^^LQ^S^©-f-§^fp^^|g^^IlJig^^ o 
[0117] ^tHigg60« N ^PJbXtt*«^-^PST±fc^Stt^QOttfllt»«Sr* 
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cons] £fd, ±a!L^j:9(c s mmmw.6on, s^p^M^trsis^-^psTjitcfc 
^ot, mmmwcoNTi^ mmm&LQ<D±%ts(m) ^m-r^mm^m^^x, 

[oii9] */c, ^mmm6o<D^inuw:Km^^x, sw^s^tfSts^-^psTi 
^lq^&l-cv ^xhnffimm^mytf&mfcB ww. -t) « 

[0120] S^Pii&tFg^X— ^PSTi^^^LQ^HHIXbfc:^, ftJ^SCONTte, 
aaKPSrXtR^T 1 — i^PST^kT^n— Ki"St#, $lJiif CONTtt, 

[0121] ft:ia#!SJfe7g|Bicj8V ^ttt, tfcffl3M60«u KjgP^ffiSr^tr St^x- v>ps . 

iSttfetbTV^X^VK^-v ; 44c7)^M^, ^T^Ty^42, 51, 52, fcSV^S 
S^^— ^PST^ffilJ®^^{C^^LQ^^5d^^^Wi-^r^T^5 0 
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Ty^42ifijf^^#:LQ^#*Lfc^ s ^T-<Ty ^42W5SMP42A^fr 

[oi22] *fc, jifsy^r^— ^{mmmmm)^^t^m%m^m^mw^Q^-h 

[0123] ^/c, m^t^T^TV>^42(Dm%a42Am^m^Q^^t^iMVtl 
tZia-Z^ $IJ^^eCONTO, *R%n42Ati*h<D*&%mittW±-rZ>£.o\Z.\^Xh£ 

[0124] X^^K^— ^44«fcf+#bTV^SttffcQSr«Wi-5^^, t&fcti§£«60 
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[0125] Mz.i*mfap<Dmmmyt<p^ mmm^3oo^±moi. soiummm 
[0126] £x±.mwLt^£?^ Wimmw6o%^xi9-mft^PL<vftffii®£vi>TXizm 

[0127] ±3£&b/c^J£^fll^*5V^-C^, ^tii^g60<7)t^tU^61^D«g^;^62tt, 

^6lSt>^^^62(D9^^^<^-^^^-^PST±^^^^^It^ 

<-tz>^t&x%z> 0 

[0128] ^*3, &mm*k\^xnT$w.ftt£Z&&mttzkt>v%zi>K mfefcM 
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£tf$J1200nm, jRjl450nm, $}1940nnu Xt5**l2950nm©^)tSrfflV^rt 
. ±IB»S^««ttJ3fe(#^3t)LaS:a[flqLQ(Cfl8itL^t, W&ttittLaO 

[0129] £7t, ^m3feLa<bLT*^^fflV^w^tvlJ:(9. #!j;t«£f£P±^tt*LTV^^ 
(-&ffi^a«tt£;ft^:|:<^^^ 

[0130] ~£tc s mU^~i^PST<D±m43^mm^^yPH(D±mfJ:tlzm^Q7!}^^ 

r±, ^(D^mi$tfbmftLQb&m*\-rz>^bh^mbt£Z> 0 wb^o-c N 

Khfrfrfrb-f, mfcLQ<D®!&W)i / E$:ffoX^/i'— ^yh^i&T^X^^U^ 

(Dm^^m-r^b^x^o 

[0131] ^^^ai^La^bT±|B^S^i-5*^^^fflV^5^^!l^(i^l940nm(D 
M^-TS^^ (2 ,u m^l^— if %) b, ^2950nm(D^A^i-§^^ (3 
ix m^u-^fyt) bMR^frtt2fcnu--?ft$:MM-rz>£5^xh£^ \ &5 

^tcfemytzmM-fz>j:ofci,xh^\ 
[0132] ir^T% ±mvtcmm : mmK^xi^ mn\^^ mmp^mm^-^psr 
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fH«©rtffil«riiifl-t _ 5«t5»-b , rv^ 0 ftftftUtt, IttilftLate, &fl^®<fc»95. 5 

[0133] E]8^joV^T. #fft:^B(08t?tt£«^— v ? PSTO±®43) ±^««:LQ^ 
cos0 = l-(pXgXhV(2X ff ) •••(lA)(7)M#^ , 95to 0 

s-.m^mm. x$>z> 0 *nw&mz.&\,^xmwLQi'z&-e$>z>iz.v>. p =998t 

kg/m 3 ] , a = 73 X lCf 3 [N/m] -Cfc5„ _bffi (1A) ^Srf^tSt, 

h = C(2X a)X(l-cos0)/(p Xg)] 1/2 •••(2A)£ft5 0 W*^B5tfH-# 
fc**W4«r#L-C*3!K 0 =180° (cos0 =-l)£i-5£,h=5. 46X10~ 3 [m], 
•f-fcfc>*>*&5. 5mmi45. 
[0134] HBSfctt, 0 ttl80° i^/J^VMtt-efoSfcfe, i«£h<D{itt>5. 5mm^Ti: 

'^LQfDAKXoXmt^-f — j£<Dm.tte2> 0 ^X\ V0fcmmz.ttL.X5. 5mm 
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mmythat(DM^(D{iLm^W}-r^xo\z.\^x-h^\ 

[0136] 7fe*3, iS$h(7){iI{»^(D^®ttfii(^M^ 8 ffl V^^LQcDffi^ (i^tt) 

(2A)^:J:«9i^$h^^, ^(DM^hizm^^x, S£Mr>zn7E-tthit£\,\ 

[0137] ifcfc, ^LQ^*^S/>^v^^-(«^^%^^/J^$V^^) ^<Dii5£h<D 
Si-^riT\Mm^La^£^x-^PST±^^(»)LQ^|=f-t-§rt^ 
[0138] ^:|S0^cD^JcO^»0StcoVM:l^0^-rSo £kT<Dmmz^^X^ _b^Ufc 

[0139] El9f»^PJ(7)SU^^.W^Sr^-r#4li.IllT'fc5o 0 9(^^55-, ^ffi^S6 
^^-^PSTO^#J}^tt^ttfcm^lttliS61A-61H, S^tlb 

mmmiA-6imz.Mmir^x^zm^htircmwc(D^ue2A-62H^m^-x 

V^o r^lttli^eiA-eiH, &U^^62A-62HtepMV^A3&£l::|g^ 

[0140] ^m^»60{^ &mtU1®61A-61H(D^th^th£<0 s XY¥®ia5f^=fT^, 1~ 
ft:b^^P&l^f£;^— ^PSTO±®43iaS{^ 

^|^ffi^61A-61H(Z)^n^^^MW$^fc^(D^W^La«,S«P-h^ 
^^tt/c^#:LQ(D^^^AR2©^^^LG^^^LT^^$tLSo ^UT, 
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W3i;x^gpLG^UTtfeW3tLaSrRattU ltW$R61G, 61Hfi, tt{±i£|561C, 61 

[0141] *fc, ltWSB61A, 61BC0- ; e^^^^l±S$nfc2O(7)^m»a«. 
1^AR2£^^(DMS^AR2cDMftiJ^ 

§tL5J;5^tt^TV^o HUSH-, Mm^6lC. 6lD©-ttt-etbd^fttU$^2 
oO&tHftLaf*. ^^^AR20j^{B!)O^^^LG5fi^(D^^tt^^#t^tL 
, UffigpeiE, 61F^tt^tt^^*ftH^fc20(D^ffi^;Lafi, mBM%ZAR2<D 

[0142] fffl^gCONTte:, *ltffl«B61A— 61HJ;«9lftttJ3tLaS:ltlilU^:)R«B'C, 

P±tt«jW«AR2S^J«L, -tO»«P^«fl^LQS:^MxTlt3t3tELSrflS*tUT 

[0143] S^P±«mil^AR2^^<Dfie^mM^(BffMo^:^$SLOT^ 

„ mUm®AR2<DmW-LQ\ZM%t£ti~r. mm^Q^^i:^X^U62A-62H 
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1*g$AR2<7):^y^LGifi^^ 

[0144] m^mmp^mmm^K^^x.m^nB^^p^tmmpt^m^m 
~fs m^yt^Ph<D^nt&mpt(Dmxm^hQ^m,m^tzt^h, w>mytha 

(D?}tm±\zmW.LQtfmW.£ftZ> 0 ^(Dtcfr^ Mffi=g«60te, SftlH562A-62HcD 

i^scoNTfi, mmmw6o<Di&tiifaW:^m-3\<^x, mmmmAR2<D±^&WTW. 

mm%n% ^j^^gcoNTf*. m^mmAR2&fftm(D*%££x±Kt£^fc 
mkP±<Dmw-LQ*m&-$-ttb\ ^tnmm60(Dmth^^m^tmm^t 

Z>£o\z\^xh£\\ 

[0145] m^^m^La£D5^^>^<^2o(D^t±i^;Latt, ^?*M^AR20M#J 

^AR2^IStfJ:5^ ; ltm^t^^La(D^S§^^$tLTV^^(DT^ Wl9:m&AR.2 

^(D^m^ <omwLQ(om\^^^tzJb\^ mx.&w&<Dmwmsn 12A. 

1 2B^^#t|^^tb5^ft:#t^4 (D ^^^^*^J «1 6A, 1 6B^^S:f£o-C{@ 
Wz.Wm^tzX>, fc6V^{«^«#:lHlljXP22A, 22B^Lfc?g#:[Hli|3l*(Z)^tl, 
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[0146] t.t^nm^MPLtmwt(Dmi l mw-LQ<DmmmmAR2^m^ti^m^ 
fgtt^)>fc5 0 ^j^^^c:^ mm*T-i?psT<D&mmm*i&Ti,x j $>foi-£ 

[0147] ^{±l^S60(Cj;oT^ft:LQ^^aiLfc^[pI^mLfc^t, 0!lx.tfi£iM 

w^Q^mm^t^^jtcxmrn^-^psT^xY^^WiL, ^<D-m^Q 

[0148] £fc, ^MfifCjoVvOb, ttm^La^LTBIf^S^^^^fflV^-t^J; 

lti^ 0 ^iim^^^t*^ $"j^i^«coNT{i, mmp^m^twjYf^mm 
mtaytL8i<D^:tftm2X(D^yt^^m^ ^p^^^^ttf^g^A 

[0151] S^^62ttB^^IS^cD^m^La^M^b«^(Dg^^^bTV^5 0 rtt 

^tL^I^CCD^dj^La<Z)5^s-^^W^Lal«g^AR2^^^$tT,5^, 
^^ffi^Lal^it^ 
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[0152] ^^mmmm^^^X^ feitimW60feWiWLQlcM^XX^fa£ym{ii?fc 

^^AR2^3ttLT«^ft£Mb^aj^ 

io^.r>^^iHmxmi«20(D5-b^^<^— ^(DWiff^m-i-^o m?u*, m&mwz 
AR2&ffii£<D*i%£M±xfrzbmm£titck%. mfflmwcoNTiz, -mmm^A 
R2&mw:<D±%is\zi-z>ti#) iz.^ m^ttmfcw&mffiioiz£&m±Lti?r%^ tdo<D 

ecoNTO, mi^w^mmio^x^mi^-LQ(Dw^w±-r^x^i,xh^\ m 
^ mmmmAR2ftpjtfe(D^£&Txfr%bfeft&tLfcb%. fM^igcoNra 
, mmMmAR2%j$TW.(DX%£^irz>fctb^ M^itmfcmsmmioizxzmu. 

[0154] sat, &&<D&mytLa±x<Dft&±izmi£LQtmw&ti* &mftLa&mm<D 

[0155] ^a^^AR2<^ff^SW|g^$tLTV^@^^^#<S^^fi> 

$l;U«tfc<D^#^ P 1 2 A, 1 2Bfrt±,MtiLti?m s ^td0 

ft^ft^SUfcSISEUfcO, fc6VM«gfc<^#«Xn22A, 22B^Uc^iB^^ 
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[0156] £fc, *-$mMMKte^X\^ mihmWi60nmmMmAR2(Do"tbm%%EL(D^ 

[0157] ^mmwmK^^X^ M&^6inmWt&A;tm&ytLa%mMl'X\,^ 

^bfrXZZ> 0 

[0158] £7^ v/-h^ftj£<aTOfI^UT«, 'pt£<bhmummAR2(D g 

±%£xtbz>m&ia^ ^tftm2nmmifLa2^tft'r^t^x^o 

[0159] &:}b\ ^mMMM^^^Xh. ^tfthabVXm^-S:(D^^m^^Zbl<Z.X 
[0160] fc*3 % _h^bfc#^»^^*5V^tt, mm^^tH^La«7K¥^l^]^^A/-e^ 

i»f£LQ^ias£*L-cv v*>— Jjx\ nm%^^v^(D%^m^2<DmfcWi$!m2^ 

mj^tn-r^b^x^u mwLQ^mjt.m^ %¥m^2<Dmv£mm 
2A^mm^U70(Drm70Aiz.nm^m^mm^^bhx^ o 
[oi6i] b^x\ ±mvtc^-mm^m^^^x^ mmftLafe&fo^— ?psr±.mb 
m^m^mM^nx\ f ^^,m^i^u^—^psT±} ( m^^^f^x^^ 
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[0162] l3l2ttStg^7 t — ^PST±tC^$^Dflasi©^^^Eff$tb^^LQ*tfe 
mLTV^^^-rm^H-efcSo Bl2teL^i-tfeffi3M65fi, f£tH3feLa£Bgt# 

5»4, S^^—^PST±^0fife$tt, £4R*^PH^gafK$tbTV>SIHlKl^*|- 
[0163] S«*^PH<D_h® mWffi) PHa^tpM^l<DF^{ftiJ«#:LQ^#^b^V > 

0 

[0164] fc*5, *IQt^*H:*JVN-Cfc, Ml (3&tR^— : ^PST±®) tctftW3tLaSrflB5t. 
^5t^^ % ^m^La^bTS«^X-^PST^XY^r^^KiLoo^ffii-§ 

^irbRTflBTfcSU StR^x— ^PST&U«tfeW5tLaO^^S&boo^tH-rs 
rtfc RTIi*C&5„ r©«k5K^ 3EtS^^— S^STXtfttW««65*»e>|*m$*L^:tft 

[0165] ^^(CjoVvOb, ^W7tLa^bTm^«^#^3fe^fflV^^^^J;9, 
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[0166] &*sMateL-ctt, mfc*^ypHzmwir&wmazmbtiir s mm^—^ps 

[0167] bZ%X\ «ltbgS65tt, DaSR10rtflfl<Z)XtE*/uyPH±tiI?RfttLQj&S^Sd*5 

[0168] -tteto-tb, &mmm65iz£^xmm*^ypH±iz.mfcLQfrmzzb*&mi.tz 

«fct>&ifiU S«^^PH_b©^flELQSrlHlJ|Xi-S„ fc*3, ttflc|5fc*ttMf*25£UT 
«,S^^PHJi^^#:^n^#^ttT^LQ^p^i-^^feoTt ) J:V>U, 

PH±0»LQS:lEli|XUfcm. 013Bl^-r±5^ n— ^fi80K«fcoT£«P 

dS»S*^PH_b^«*$*L5o 
[0169] S^/U-yPH_h{^^LQ^gBg^tb"CV ^^^-CWK^/l^PHJi^fe 

&>3 0 sat, mm^ypntm^m^xmrnp^w-r^m^m^ n&m. 

[0170] fc*5, ^ffi^S65^J;-5S^*^PH±^*5^^^LQ(D^t±ll!)^«> 

*3feSr»^.yi:S!EPSrS*S*/^PHd»e)*tH (T^o-K) bfc^, o*DBI7Sr*fl8 
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[0171] fc:Jb\ tfcffi§g«65W\ DQSfPWrtftiJ(ci3»t5?KflcLQ<7)WMS:^ttii-5fifc»C, mm. 

<t6^Wftf^t£^P^^--rsm^:W)^^^tTUTtfoT^«tV\ 
[0172] EH4^-f-<t5(-, S^*^PH^S«^-^PSTC7)7V-h^43^ 

PHLSr^oT, S+S^yPH(7)±®PHa<bS^7"— v J PSTO±®43^^(i(3fS 
— ^ffl^LaSrStg^yPHOiffiPHaSt^S^T 1 — v ; PST(D±®43 

[0173] mi5fe*mw<Dm<vnMi&m&?F-tm-?$>z> 0 eusm&i^t, utR^—^ps 

-^PST05^K^/^PHW^^^;^^$:^^{tJl®43i^^t^tLTV^-5 0 
[0174] ^ffi^S66«, ^^^PL^ftBffi^afm-QS^fcUfc^lfiwai^ftf^ 

<^>T®2A^Ml&^^*t70©T®70A^m5tLaS:flgJH'i-5 o ^UT, ?&#LQ 
[0175] tftW3S1l66Jj:J:oT3t^*^2fc«m-Q^f**bTV^5rt*«ttiLytt# 



WO 2005/076321 



47 



PCT/JP2005/001225 



^-rmxn. si^^pl^^x-^psto ±®43 t^M\^^tc^mx\ 

mmtstLZ^G-zmitx^ 
[oi76] m%^m^^-(D^m , ^WL^'r~ ^psTs^ryp- K-t-st^ stgp^^j^. 

pst) ^*j-b-c±#$tt, mfcp<DmmtmR*^ypH(Di%ftmPHabt)mtiz> 0 

d^^^tBL-CtJ;v\ 1£tii^g66£:LT. Sf£P<Z>*®{a?4#>T;^ 

5J:9(-bT^<±:V\ $U^i^ecONTO, K^PW^^frLQaM^bTl^^ 
.^^M^^«t-J;oT^^^#^^S^^XT^P^*®^^LQlr 

^-r-5o ^-rs^u^. mx.itr>ti~-ymu^&mp(DMm^M^m.mii^ 
ft^xw.m&W'fzMj&xfo^x-b. n^w.mii(DiHmzm<*LQf)mAvti<Q. m 

~?mn<D^wmtm\^xmmp&mmM%nx£% 0 

[0177] ^fc, S»©«Mtc:#^bfdW^W$tLfc^^«, ^©ItP©ryo- 
K(#ffi)£r^i]2U m«#£^£tbbT, StJiPSr^V— ^^^«9tt5bT^^5 

[0178] ^jo, S^P<DS®^^#:/5Sft^b■rv^^^^cD^ttl^, SIS^-^PST/^ 
^S^P^mLfc^.i-^^^^ig^^T^n-K^g^^p^^^oT^^ 
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[0179] mi7a^mm(D^\(Dmmwm^7jk-rm^m, misAnmn^^A^^^ 
tzMmm. mi8Bfemi7<DB-B' %:&w;ffim~?&Z) 0 mi7Rumi8A, isb^o 

^tH3feLa^ttmi-^ittH$P6iK<!r, femytL&KttLxpjTTEiiLm^mmztLtzgiyt 

[0180] ifrffi^61K,£;g:ft£|362Kte, mteV^^A3t@^£tl/C:fe<9. *tffl«J61K 

»3fettiE(Sf^3t^^PL©To^ia)i:©raoBlf^©ffiiE> £>-5VHiT>-n-Kfc v 
[0181] 0675cif«r#flSbTlftML^:||JS^Iit feV^tt. zk^ft (XY^fnj) \zm.mfc 

[0182] ffjlJ^gCONTte, &ffi3£g60£teoT±®43±K:fctt5^fcLQ©?S£h£& 

[0183] Sfc, tftW^LariYtt^lftmStfSp^^flHit 
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NTH:, ^PST<75«»(D<ae{^C^^gP62K©ffiffeOg^3gm^ 

o 

[0184] k^X\ S^^^-v ; PSTO±®43(S^5t^^PL(DT®2A^|^-r^^ 

^#:LQ(Z)^?S^AR2^?f^$tL5S«Pa®, £2p^300(D±®301A, j»B 
-?fc6w^£?i£U\, rttbiB^S^P^BSrjS^^-rS-^t?, S^ft^P 

»b^^^g^i-5|^(^ x ^^^^PL^X^P^ffii©^»^$tt« 
a«*jcAR2Sr^#t#S«pi-5r.i:*St?#So ^_t®301A, 401A, 501A 

tfM*?yffiSrff oz.k^3%k.hfrZ>&, _LM301A, 401A, 50lA&mm&k1r&L£V 

[0185] k^ZfrK £MM300<D_Lffi301A^\ _b^401, 501<7) _t®401A. 501Afti? 
[0186] -^r-e, ftJtP^ttCONTte, *&ffi^ff60&{£oT, ±|ES^tt300<D_t®301 
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x^z>mf&m (mm^^^m^muuTx^m^-. k^^-^pskdj!® 

[0188] [5]#(^ N ±U401(D±m401A^±fc501(D±m501A\ZM'tZ)WWl.Q(Dtgftji 

[0189] fc^fi. ±®43{C*f-T^^LQ(D^M^ 6 <lr4£ffiU ^0#iffi£*Lfc^5££l 
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